Physicochemical and biological characterization of polyethylenimine-graft-poly(ethylene glycol) block copolymers as a delivery system for oligonucleotides and ribozymes.
Two different series of polyethylenimine (PEI) block copolymers grafted with linear poly(ethylene glycol) (PEG) were investigated as delivery systems for oligodeoxynucleotides (ODN) and ribozymes. The resulting interpolyelectrolyte complexes were characterized with respect to their physicochemical properties, protection efficiency against enzymatic degradation, complement activation, and biological activity under in vitro conditions. The effect of PEG molecular weight and the graft density of PEG blocks on complex characteristics was studied with two different series of block copolymers. The resulting ODN complexes were characterized by photon correlation spectroscopy (PCS) and laser Doppler anemometry (LDA) to determine complex size and zeta potential. Electrophoresis was performed to study the protective effects of the different block copolymers against enzymatic degradation of ODN. Intact ODN was quantified via densitometric analysis. Ribozymes, a particularly unstable type of oligonucleotides, were used to examine the influence of block copolymer structure on biological activity. The stabilization of ribozymes was also characterized in a cell culture model. Within the first series of block copolymers, the grafted PEG chains (5 kDa) had marginal influence on the complex size. Two grafted PEG chains were sufficient to achieve a neutral zeta potential. Within the second series, size and zeta potential increased with an increasing number of PEG chains. A high number of short PEG chains resulted in a decrease in complex size to values comparable to that of the homopolymer PEI 25 kDa and a neutral zeta potential, indicating a complete shielding of the charges. Complement activation decreased with an increasing number of short PEG 550 Da chains. Ribozyme complexes with PEG-PEI block copolymers achieved a 50% down-regulation of the target mRNA. This effect demonstrated an efficient stabilization and biological activity of the ribozyme, which was comparable to that of PEI 25 kDa. PEGylated PEI block copolymers represent a promising new class of drug delivery systems for ODN and ribozymes with increased biocompatibility and physical stability.